This paper investigates the scale of direct and indirect services trade, or services content, in Japanese trade between 1985 and 1995 using data from Japanese input-output tables. The empirical analysis reveals that the scale of R&D services in total services trade has been much higher throughout the period than has the scale of other services. Moreover, the R&D services content of Japanese merchandises exports amounted to 26,961 million US dollars in 1995, 84.3 percent of which was channeled through machinery exports. This result supports the assumption proposed by Coe and Helpman (1995) 
Introduction
The expansion in world trade in services has been a major topic for research in recent years. Cross-country regression analyses have confirmed that the traditional HeckscherOhlin-Vanek (HOV) Theorem has some validity in explaining patterns of services trade, in that countries abundant in labor or in physical or human capital tend to export services that are intensive in that factor.
1 However, the evidence has been weaker than has the evidence on goods trade, suggesting that a more detailed analysis of services trade is needed.
One possible reason for the weak application of the HOV theorem to services trade is that most services are traded indirectly, in that they are embodied in goods trade.
Services are intangible and non-storable, and although technological change has enabled more services to be traded directly, most are used as intermediate inputs to produce goods. 2 For instance, Japanese graduate students consume US research and education services through imports of US books, but such imports are reported entirely as goods trade rather than services trade. Another example is the importing of machinery from industrialized countries by developing countries, given that various technical services such as research and development (R&D) are embodied in the machinery. Studies of the services embodied in goods trade are therefore useful for shedding light on the true trade in services.
There has been a large number of studies of the factor content of trade, but only a few have analyzed the services embodied in goods trade. Tucker and Sundberg (1988) examined the trade of Singapore in 1973, and of Australia and Thailand in 1975. Their results indicated that half of Australian services exports were embodied in goods exports, but that the embodied services exports of Thailand and Singapore were relatively small. Grubel's (1988) study of Canadian services trade between 1973 and 1983 found that embodied services trade rapidly increased in that period and that the net surplus (exports minus imports) of indirect services trade was larger than the deficit of direct services trade in 1983. Sazanami and Urata (1990) obtained similar findings when analyzing Japanese and US indirect services trade, estimating that in both countries indirect services trade was so large that the total of direct and indirect services trade was in net surplus. Recent 2 The importance of services trade as intermediate inputs and factors is also stressed by Markusen (1989) and Melvin (1989) .
analysis by Urata and Kiyota (2001) extended the framework to six East Asian countries.
Their results suggested that industrialized countries with large services sectors are net exporters of services via goods trade.
These existing studies have confirmed that the services trade embodied in goods trade is significant for Japan and other countries. This paper extends the analysis especially focusing on R&D using detailed Japanese input-output table between 1985 and 1995. The input-output table from Japan's Management and Coordination Agency. The detailed industrial classification (52 services industries out of a total 184 industries) is unchanged over the period and prices are indexed, which enables us to carry out a reliable time-series analysis of the input-output structure of services production and trade.
The paper is organized as follows. The next section explains the methodology to estimate the services content. The third section describes the data and some expected results. The fourth section presents the estimation results and a detailed analysis of R&D services is carried out in the fifth section. The final section concludes.
Methodolgy
This section presents a simple methodology to estimate services content. Suppose that services industries are indexed as k +1, ..., I. Industry i is in the goods sector (agriculture, manufacturing, etc.) if i ≤ k and is in the services sector if i ≥ k + 1. Let S h ti (t ∈ {x, m}) be the total (direct plus indirect) trade of service i in country h, where x and m are exports and imports, respectively. S and B is a Leontief-inverse matrix. This paper calculates the services content of trade as net exports of direct and indirect services, which is similar to the calculation of the factor content of trade suggested by Leamer (1980) and Maskus (1985) :
Denote the vector of services output in country h as S h . Let (Ŝ h ) −1 be the diagonal matrix whose elements are the inverse of services output 1/S h i . The content of a particular service in services trade can be estimated by assuming that its share of services trade is the same as its share of Japanese domestic output:
To compute the ranking of services in the services content of trade, we make use of the 3 For the derivation of equation (2), see the appendix.
following expression:
From (3), we have:
Equation (4) indicates that service i is more intensively used in the net exports of country h than is service j.
Due to the difficulty in obtaining stock data, flow data from Japanese input-output tables for 1985, 1990 and 1995 are used for computing direct and indirect services trade.
This in turn implies that, in contrast to factor content analysis, the analysis of services content will not necessarily reflect the abundance of particular services used in the domestic economy since some services are used in the production of other non-tradable services.
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The rank indicates the intensity of services used in trade, and in part the international competitiveness of services, but not the abundance of services.
Data and expected results

Data description
The data used in the analysis come from the input-output tables published by the Management and Coordination Agency (2000) for the years 1985, 1990 and 1995 . The industrial classification is unchanged over the period and prices are indexed, which enables a reliable time-series analysis to be conducted. 1990 (and 1.4 percent between 1990 and 1995) , the growth rates of production, value added and trade in services were extremely high.
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=== Table 1 ===   === Table 2 === === Table 3 === An examination of the share of each services sector in the total reveals interesting differences between domestic production and trade. 6 Over the period, R&D services were consistently around 1.5 percent of both services production and value added, but appeared to be insignificant in services trade. Wholesale and retail services contributed the most to services output between 1985 and 1995. In 1995 wholesale services made up 10.7 percent of services production and 11.7 percent of value added, while retail services contributed 6.6 percent to production and 7.4 percent to value added. The shares of house rentals, construction and medical services were also high. The pattern of trade in these services varied significantly. While the wholesale sector contributed 34.7 percent to services exports, retail services were only 0.2 percent of services exports. Transport-related services such as ocean transport and air transport had relatively high shares. Financial services were also significant at 4.7 percent of production in 1995, and 4.9 percent of value 5 The GDP growth rate is computed using GDP at market prices (in 1995 US dollars) from the World Bank (2000) .
6 Unless otherwise stated, the discussions in this section refer to the data for 1995.
added, and were also significant in trade at 5.6 percent of services exports and 9.4 percent of imports.
The ratio of net exports (exports minus imports) to total trade (exports plus imports)
in services was quite high in 1985 (0.32) but was around zero in 1990 (-0.01) and 1995 (0.00). The net export ratio of financial services was negative throughout the period and the net export ratio of insurance services gradually declined. These results imply that Japanese services industries lost international competitiveness between 1985 and 1995.
Services likely to be significant in services trade
Research by Coe, Helpman and colleagues has suggested that OECD countries export R&D services thorough goods trade. 7 Since most of the Japanese current account surplus is from machinery exports, this suggests that Japan exports services that are intensive in R&D services and therefore that the ranking or intensity of R&D services in the total services content is likely to be high.
Japan has a large financial services sector. Over the period, Japanese financial services lost international competitiveness, and the net exports of the financial sector rapidly declined. A recent report by Toyokeizai (2001) described the withdrawal of Japanese financial subsidiaries from foreign countries, and the fall in the number of new entrants.
Moreover, the non-performing loans weighted heavily on many Japanese banks after the 7 See Coe and Helpman (1995) , Coe, Helpman and Hoffmaister (1997) , and Bayoumi, Coe and Helpman (1999) .
burst of the asset market bubble. The intensity of financial services in the services content of trade is therefore expected to have declined between 1985 and 1995. Traditional HOV regression analysis by Urata (1983) and Kimura and Kohama (1995) reveal that Japan exports goods that are human-capital intensive. This in turn implies that Japan exports education services through goods trade and that the ranking of school education is likely to be high.
As Deardorff (1985) suggests, transportation services are also likely to be important in goods trade since transportation is required for international trade in goods. Because Japan is an island country and a net exporter, the services content of air and ocean transportation services is likely to be high. In 1990 net indirect services exports were large enough to cover the deficit in direct services trade. Therefore, total (direct plus indirect) services trade was in net surplus during the period, which is consistent with the results of Grubel (1988) , Sazanami and Urata (1990) and Urata and Kiyota (2001) . Table 7 details the services content ratio for each of the services, S nx /S, which is defined as net exports of direct and indirect services divided by domestic production.
===
The services content ratio describes the intensity of those services in total services trade.
The larger the ratio, the larger the intensity. The services content ratio for total services gradually decreased from 0.036 in 1985, to 0.013 in 1990 and to 0.007 in 1995. Since services production and value added both increased over the period, this suggests that Japanese services lost international competitiveness. === Table 7 === Table 7 also indicates that Japan exports goods that are intensive in R&D services.
This might be because Japanese companies are highly technological. Ocean transport services had the top ranking, but that of air transport services was low. This could be because of the way transport services trade is defined. For instance, when Japanese people fly Japan Airlines to Australia, transportation trade does not occur, but when they fly Qantas, Australia exports transportation services to Japan. Therefore, care is needed in discussing trade in transportation services.
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Education services were ranked low until after 1990. Until recently, Japanese companies provided in-house training to their graduate employees. The economic downturn has increased demand for employees who are already trained. The increased intensity of school education services has probably been the result of more school students completing school in order to go on to university.
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As expected, the ranking for financial services declined after 1985 from 15th to 31st in 1990 and to 44th in 1995. The declining significance of financial services in Japanese trade is a reflection of the poor performance of the financial sector since the start of the asset market bubble in the late 1980s.
In sum, the services content of trade is a reflection of what is happening in the domestic economy: competitive services are ranked highly while abundant but less competitive services are ranked lower. The services content analysis illustrates the international competitiveness of Japan's services.
Japanese machinery trade and R&D content
Recent empirical trade analyses of technology transfer by Coe and Helpman (1995) , Lee (1995) , Coe, Helpman and Hoffmaister (1997) and Bayoumi, Coe and Helpman (1999) stress the importance of machinery trade in explaining R&D spillovers. The key assumption in these studies is that technologies in the form of R&D services are embodied in machinery trade, which plays an important role as the source of technology transfer from the industrialized countries to the developing countries.
The previous section found that Japan exports R&D-intensive goods, although we focused on all goods rather than on machinery products. To examine the validity of the assumption suggested by Coe and Helpman, this section examines the R&D services content in the Japanese machinery trade. Based on the classifications of the Japanese inputoutput tables, we focus on four types of machinery trade: general machinery (boilers, turbines and engines, industrial robots, etc.), electronics machinery (household electrical equipment, semi-conductor devices and integrated circuits, etc.), transportation machin-ery (passenger motor cars, aircraft and repair of aircraft, etc.) and precision machinery (photographic and optical instruments, watches and clocks, etc.). Table 8 describes domestic production, value added and trade in machinery. Their shares in total manufacturing are reported in Table 9 . As in services production and trade in Tables 1 and 2 , machinery production and trade is also expanding, especially in the general machinery, electronics machinery and transportation machinery industries.
Electronics machinery records extremely high growth in exports, with a 13.5 percent average annual growth rate. This growth is largely attributable to the expansion of semiconductor devices and integrated circuits (with an average annual growth rate of 29.9 percent).
=== Table 8 ===   === Table 9 
Concluding remarks
This paper reveals that the services content ratio was higher for R&D services than for other services during the period 1985 to 1995. The ranking of school education services gradually increased over the period while the ranking of financial services declined. These results indicate that Japan increased its exports of technology-intensive products throughout the period, moving away from goods intensive in financial services to those intensive in education services. The decline in the content of financial services, together with the fact that Japanese banking and insurance companies are rapidly withdrawing from foreign countries, attests to the decline in the international competitiveness of the financial sector. Structural reform in some services sectors is still proceeding and more reform is needed, especially in the financial sector.
The paper also examined the validity of the assumption proposed by Coe and Helpman that R&D services are traded through machinery exports. Our analysis reveals that the R&D services content of Japanese goods exports amounted to 26,961 million US dollars in 1995, 84.5 percent of which was from machinery exports. This result supports the empirical validity of the Coe and Helpman assumption.
A few words of caution are needed. The use of the input-output tables to estimate the services content of exports may be problematic. Production technologies used in exports tend to be different from those used in the production of goods sold in the domestic market, but the tables do not distinguish between them. This is particularly likely to be a problem in the cases of transportation and distribution services. Export production uses fewer transportation services, retail services or wholesale services than does domestic production.
The services content of imports analyzed in this paper is the content used in the production of import-competing goods rather than imports. It would be difficult to calculate the services content of imports, as this would require the input-output tables of all exporting countries. However, this does not cause a problem if the production technologies, or input-output relations, are identical between countries, as is assumed in the HOV model.
The results for imports need to be carefully interpreted. Japan is a highly industrialized country, so the value added ratio (value added divided by domestic production) for exports is likely to be higher than that for imports, implying an underestimate of the services content of net exports. Again, a solution to this problem requires an analysis of all exporting countries' input-output tables or of the information on value added by country and commodity (industry).
The analysis in this paper could be extended in at least two directions. An international comparison would be very interesting, as the difference in R&D services content between industrialized and developing countries would shed some light on technology transfer. Such a comparison would also contribute to the construction of world services trade data. Second, an analysis of other types of services, such as commercial presence, would be useful. This paper focuses only on direct and indirect services trade, but consumption abroad and commercial presence (through foreign direct investment) are likely to be other important modes of services trade. The input-output tables used in this paper cannot distinguish between foreign and Japanese affiliates in Japan, but such transactions are important, as the activities of multinational enterprises have expanded. Data availability and quality may hinder extending this work.
Appendix Deriviation of equation (2)
In deriving equation (2), the country index h is omitted to simplify the analysis, without loss of generality. The total (direct plus indirect) services content is defined as:
The direct services content is the direct trade in services divided by the domestic output
whereα is a diagonal matrix of α, which takes the value of 1 if i ≥ k + 1 and 0 if i ≤ k.
Since indirect services are defined as services through goods trade, the indirect services content is formalized as:
whereβ is a diagonal matrix of β, which takes the value of 1 if i ≤ k and 0 if i ≥ k + 1.
From these equations, the total (direct plus indirect) services content of exports and imports becomes:
which corresponds to equation (2). 1985 1990 1995 1985 1990 1995 1985 1990 1995 1985 1990 1995 1985 1990 1995 1985 1990 1995 1985 1990 1995 1985 1990 1995 1985 1990 1995 1985 1990 1995 General machinery 9.5 10.0 9.1 11.6 11. 
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